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EXHIBIT A 



Excerpts from Streetman, Ben G„ Solid State Electronic Device. Prentice-Hall, Inc., 
1980, page 67. 
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CARRIERS IN SEMICONDUCTORS 



Ch$pU 



' ken away from its position in the hoc 
: to move about in the lattice, a conduct)! 
i bond (holo) is left behind. The-jjft 
band gap energy E v This model hei| 
m of EHP creation, but the energy bjjj 
mrposes of quantitative calculation, Qf 
i bond" model is that the free electron $ 
d in the lattice. Actually, the position 
e spread out over several lattice spacii^ 
i mechanically by probability distributl 



are created in pair s, the conduction 
K M m*l iB ' ectual t6 the concent 
les per cm 8 ), Each of these intrinsic*! 
ea to as n t . rhus/or intrinsic material 

=P= n t (U 
ertain concentration of electron-hole ji| 
ier concentration is maintained, theje§ " 
> same rate at which they are genfc 
electron in the conduction band ma 
n empty state (hole) in the valence ba 
lenote the generation rate of HHP's a| 
tion rate as r u equilibrium requires tha| 

r t = & (M 

: dependent, For example, g t {T) incre^f 
id a new carrier concentration n s is, est 
ination rate r,(J) just balances generatlj 
: that the rate of recombination of$ii 
equilibrium concentration of eie$iT 

Lrtionality which depends on the rjartiojj 
n takes Plap e. yfe shall discuss thVcaloiii 
tture in Section 3.3.3; recombination 
■4. 



arriers generated thermally, it is poj 
s by purposely introducing impurljtjf 
tying, is the most common techniqf 




. CHARGE CARRIERS IN SEMICONDUCTORS 



conductivity of semiconductors. By doping, a crystal can be 
bo that it has a predominance of either electrons or holes. Thus there 
f typos of doped semiconductors, n-type (mostly electrons) and p-type 
Wholes). When^a crystal is doped such that the equilibrium jgrrjer 
ions ft D and /> 0 are aitterent irom the intrinsic carrier concentration 
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fis saio to be exirinsic. — — ■ ■ ■-, 

Impurities or lattice dciccts- arc introduced into an otherwise 
prjftal, additional levels are created in the energy band structure, 
y&fy the band gap. For example, an impurity from column V of 
titf table (P, As, and Sb) introduces an energy level very near the 
|fton band in Ge or Si. This level is filled with electrons at 0°K, and 
> thermal energy is required to excite these electrons to the conduc- 
ed (Fig. 3-H). Thus at about 5O-100°K virtually all of the electrons 
Stepmity level are "donated" to the conduction band. Such an impurity 
galled a donor level, and the column V impurities in Ge or Si are called 
purities, From Fig. 3-11 we note that material doped with donor 
||es can have a considerable concentration of electrons in the conduc- 
ed, even when the temperature is too low for the intrinsic EHP 
fation to be appreciable. Thus semiconductors, doped withja, wgnif- 
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~0 fl K r«so°K 
Donation of electrons from a donor (aval to the conduc- 



ifff ftf, l ,towwa wni hftve ^ > frn Pti) at rQQm t^^^um^ 
pftAterial. Bf 

nom column III (B, Al, Ga, and In) introduce impurity levels 
t Si near the valence band. These levels are empty of electrons at 
£\3-12). At low temperatures, enough thermal energy is available 
^•electr ns from the valence band into the impurity level, leaving 
holes in the valence band. Since this type of impurity level "accepts" 
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